The aim of the present study was to detect the alterations of Pseudoplatystoma corruscans parasite infracommunity structure, after the construction of the Porto Primavera dam on the high Paraná River floodplain. The execution of this research was based on 119 host specimens collected between March 2011 and September 2012, and the results were compared to studies performed on periods before the reservoir's construction, when 110 fishes were collected between March 1992 and February 1993. Five parasite species still remain on the environment, despite the environmental modifications: Choanoscolex abscissus, Spasskyelina spinulifera, Nomimoscolex pertierrae, Harriscolex kaparari and Contracaecum sp 2. The Berger-Parker dominance index, calculated to the parasite fauna of 1992, did not show the dominance of any species, while, on the present days, this same index accused the dominance of Nomimoscolex pertierrae (49%) and Choanoscolex abscissus (50%). The present study reports the disappearance of Megathylacus travassosi, Contracaecum sp. 1, Contracaecum sp. 3, Procamallanus (Spirocamallanus) sp. and Cucullanus pseudoplatystomae, suggesting the possibility of a local extinction or a host switch of these species. It has also been registered an Acanthocephala specimen, a genus not observed on this host yet. The results here presented show that the antropic influences on natural systems alter the environmental conditions, what is reflected on the richness and diversity parasite levels.
Introduction
The biological diversity level is usually used as an environmental healthy indicator, because healthier ecosystems present a more complex trophic structure (Rooney and McCann 2012) . However, this biodiversity cannot be addressed only as a species inventory, as the study of the host-parasite related to ecological and phylogenetic variables is also important (Poulin and Morand 2004) .
An indicator of the ecological system health, recently popularized, is the bioindicator species, comprehended as organisms that reflect environmental impact from a subcelular to an ecosystemic level, responding to the habitat alterations with physiological and chemical composition alterations (Lafferty 1997) . The fishes usually are on the top of the trophic web, and their parasites are also important components of this system, because they have a complex life cycle, evolving several host organisms, belonging to several trophic levels (Vidal-Martinez et al. 2009; Hatcher et al. 2012) . Despite it, the parasites are usually not considered on the studies about the ecological system healthy, probably because of the deficit on studies about parasite's systematic and biodiversity around the world (Poulin and Morand 2004) .
The construction of big water reservoirs is one of the most dramatic and usual antropogenic alterations that deliberately cause several environmental damages. The reservoirs correlate basically to the river flux control, impeding the movement of migratory fishes and of suspended material (Barbosa et al. 1999; Degu and Hossain 2012) , imposing limits to the primary productivity and reducing the floodplain fertility (Junk et al. 1989 , Thomaz et al. 2007 Boukal et al. 2012) . On the South America, the reservoirs have been built on most of the rivers, and the operations on these dams have several effects on the floodplains (Neiff 2001; Zurbrugg et al. 2013) . The hydrographic basin of the Paraná River presents today more than 145 great dams, with more than 70% of these being responsible for around 70% of all the energy consumed on the country (Agostinho et al. 2008) .
Evaluating the influence of the parasites on the fishes health, as well as the changes on the parasite's diversity, prevalence, richness and abundance, it is possible to get a better indicative of the quali-quantitative alterations on aquatic environments healthy (Landsberg et al. 1998) . Karling et al. (2012) , analyzing the parasite fauna of Salminus brasiliensis, verified the presence of a different parasite fauna after the Porto Primavera dam construction, demonstrating that the parasite diversity is directly correlated to the environmental conditions. Therefore, to verify the alterations on the Pseudoplatystoma corruscans metazoan parasite fauna, the parasite community of the fish specimens evaluated on this study was compared to the fauna reported on previous studies (FUEM-NUPELIA/ PADCT/CIAMB 1994; Machado et al. 1994 Machado et al. , 1995 Machado et al. , 1996 , performed before the construction of the Porto Primavera dam, which was closed on 1998 (Agostinho et al. 2008) .
Pseudoplatystoma corruscans (Spix and Agassiz, 1829) (Siluriformes: Pimelodidae), popular known as "pintado", is found on the South America and is recognized by its big size, measuring approximately 1m of length and weighting about 6 and 8 kilos. It is a fish with nocturne and carnivorous habits, feeding mainly on fishes and crustaceans, usually present on the deepest parts of the river. Its flesh is of excellent quality, and that's why this species has such a great economic and sport-fishing importance (Mateus and Petrere-Jr 2004) .
As the species feeding habitat is main the factor that determines the endoparasite composition and abundance (Karling et al. 2012) , it is hypothesized that the environmental changes caused by the dam (that results in changes in the trophic structure of the whole community) affected the composition and structure of the helminth fauna of P. corruscans.
Materials and Methods

Study area
The high Paraná River floodplain is localized on the proximities of Porto Rico county, Paraná (22°43´S and 53°10´W), between two reservoirs, immediately after the Porto Primavera dam and approximately 200 Km before the Itaipú reservoir (Fig. 1 ). This area is the last part of the Paraná River with running waters inside the Brazilian territory (Souza-Filho and Stevaux 2004) .
Fish and parasites collection and analyses
A hundred and nineteen specimens of P. corruscans were obtained through quarterly collections between March 2011 and September 2012, 13 years after the dam construction. To obtain the fishes and parasite index from the period before the reservoir construction, the data from the project FUEM-NUPÉLIA/PADCT/CIAMB (1994) and from published papers (Machado et al. 1994 (Machado et al. , 1995 (Machado et al. , 1996 have been analyzed.
The fish collection was performed by using gill nets of different nets, placed for 24 hours on each sample point and checked every eight hours. After the collection, the fishes were sacrificed by deep anesthesia with benzocaine hydrochloride (Lizama et al. 2007) . All the fishes collected on the nets were analyzed, to guarantee the sample of different host sizes.
After the taxonomic identification and the collection of the host's biometric data, the internal organs and the intestines were removed, longitudinally opened and analyzed under stereomicroscope to the endoparasite collection. The collected parasites were treated according to Eiras et al. (2006) and the identification was performed according to Moravec (1998) , Khalil et al. (1994) and Chambrier et al. (2006) .
Statistical analysis
The prevalence, mean intensity and mean abundance of each component of the parasite community have been calculated according to Bush et al. (1997) . The parasite diversity was determined to each infracommunity by the Brillouin index (H) and by the Berger-Parker dominance index. The Spearman rs rank correlation coefficient was used to detect the possible correlations between the host's total length and the parasite abundance, and between the host's length and the parasite diversity indexes. The Pearson r was applied to detect the possible correlations between the parasite prevalence and the host's total length classes, and between the parasite prevalence and the classes of the allometric condition factor (K), obtained according LeCren (1951) . The Mann-Whitney was performed to test the fish's sex effect on the abundance of each parasite species (Zar 1999) .
The G loglikelihood test (Zar 1999) was applied on the dates from the periods before and after the reservoir construction, to evaluate the correlation among the parasitism prevalence on male and female hosts. A multifactorial ANOVA was performed to verify the difference between the fish's total length from before and after the Porto Primavera dam. The qualitative similarity between the parasite communities of the fish species from before and after the dam was determined by the Sorenson similarity coefficient (Zar 1999) . All the tests mentioned above were applied to the parasite species with prevalence higher than 5%.
Results
Before the dam construction
The evaluation of the data provided by the FUEM-NUPÉLIA/PADCT/CIAMB reports (1994) and by the pub- Thamy S. Ribeiro et al. 400 lished paper of Machado et al. (1994 Machado et al. ( , 1995 Machado et al. ( , 1996 revealed that the 110 host specimens collected before the dam construction presented a total length varying from 17.6 to 87.5 cm (mean of 44.6 cm), and that their endoparasite fauna was constituted by five cestode species: Choanoscolex abscissus (Riggenbach 1895), Spasskyelina spinulifera (Woodland 1935) Of all the parasite groups observed, the cestode was the most prevalent one, occurring on 81 hosts (73.34%). The nematodes constituted only 1.02% of the parasite fauna, occurring in 18 hosts. The highest prevalence was of the S. spinulifera species and the lowest was of the Contracaecum sp. 2 and Procamallanus (Spirocamallanus) sp. (Table I ). The Berger-Parker dominance index revealed that the S. spinulifera species presented 25% of dominance. The Spearman test did not reveal any influence of the host's size on the parasite abundance (rs = 0.149; p>0.05). The parasite diversity, calculated to each infracommunity by the Brillouin index, did not correlated to the host's length (p<0.05), and the Mann-Whitney test did not reveal any influence of host's sex on the parasite abundance (p>0.05).
After the dam construction
The 119 collected specimens of P. corruscans presented a total length varying from 25 to 105 cm (mean of 52.9 cm) and, of all those fishes, 42.86% were parasitized by, at least, one species of parasite. The number of parasitized males (44.23%) was higher than the percentage of females with parasites (41.17%). The parasite fauna is constituted of four cestode species: Choanoscolex abscissus, Spasskyelina spinulifera, Nomimoscolex pertierrae and Harriscolex kaparari; one nematode species: Contracaecum sp. 2 larval stage; and an adult species of Acanthocephalan, which identification was not possible. From all the observed parasites, the cestode was the group that presented higher prevalence, occurring on 50 hosts (42.02%). The nematodes constituted 5.04% of the parasite fauna, occurring on only six hosts. The higher prevalence was of the N. pertierrae species (70.59%) and the lowest one was of the Spasskyelina spinulifera and Harriscolex kaparari species (1.96%). The Berger-Parker index demonstrated that the most prevalent species were: N. pertierrae (49%) and C. abscissus (50%). The Spearman test did not reveal any correlation between the host's sex and the parasite prevalences (p>0.05); neither between the parasite diversity, calculated to each infracommunity by the Brillouin index, with the host's length (p>0.05). The Pearson r did not detect correlations between the parasite prevalence and the host's total length classes, or between the parasite prevalence and the classes of the allometric condition factor (K) (p>0.05). The Mann-Whitney test showed no influence of host's sex on the endoparasite abundance (p>0.05).
Comparisons between the periods before and after the dam construction
According to the Sorenson coefficient, there was a similarity of 62.5% between the two periods (before and after the construction of the Porto Primavera dam) demonstrating a considerable alteration on the endoparasite fauna. The ANOVA demonstrated no significant difference between the total length of the fishes from the periods before and after the Porto Primavera dam construction (p>0.05).
The Brillouin index, used to verify the parasite diversity index, was calculated to each infracommunity and revealed a statistical difference among the different periods (p = 0.023), with a higher diversity level before the river dam construction.
The results obtained after the Porto Primavera dam formation (Table I) 
Discussion
The reservoirs, by changing the hydrological regime, are responsible for the redistribution of water flush on time and space, affecting hydrological attributes affecting hydrological attributes, such as flood periods, intensity, amplitude, duration or frequency, and, consequently and consequently, the structure and the dynamic of the ecosystem located above and below the dam (Ward and Stanford 1995; Rocha and Sant'anna-Neto 2010) .
All these alterations on the hydrological regime may reduce the native species biodiversity (Bunn and Arthington 2002) , especially on floodplains, where the flood periods alterations may low the connectivity between the rivers and the side plains. The inaccessibility to the lagoons or to the side plains impairs the maintenance and the recruitment of several fish species (Agostinho et al. 2004) , modifying the ichthyofauna and, consequently, the trophic web of these environments.
On the several studies that have been made with several ecological and taxonomic groups, on which the reservoir impacts on the high Paraná River floodplain communities have been evaluated, qualitative and quantitative differences on the ecological communities were observed, besides alterations on the output and flow rate, reduction on the concentration of phosphorus and dissolved oxygen, low turbidity occasioned by the reservoir solid retention and alteration of the pH The fish species analyzed on this research (Pseudoplatystoma corruscans) is mainly piscivorous, feeding on a great variety of fishes (Mateus and Petrere-Jr 2004) . The species feeding habitat is the factor that determines the endoparasite composition and abundance, as the hosts acquire the parasites mainly through the food ingestion (Karling et al. 2012) . These facts led us to the hypothesis that the environmental changes caused by the dam (that results in changes in the trophic structure of the whole community) affected the composition and structure of the helminth fauna of P. corruscans.
According to previous studies, the parasite fauna is not correlated with the standard length of the host, and there is no influence of the sex of the host on its prevalence and infection intensity (Machado et al. 1994 (Machado et al. , 1995 (Machado et al. , 1996 . This information eliminates the possibility that the differences before and after the dam's construction had been due to the influence of ontogenetic development or the percentage of males and females in the sample. Therefore, the parasite fauna alterations observed on P. corruscans are mainly associated to the trophic structure modifications on the floodplain, as a consequence of the environmental alterations provoked by the dam construction.
The hydroelectric causes the water regime control of the floodplain, which decreases the frequency, amplitude and intensity of the limnophase, promoting a more restricted environmental. This new environment favors less parasite species, diminishing the parasite diversity and raising the dominance of the parasite species that remained on the fauna. This correlation was also verified by Karling et al. (2012) which, by the evaluation of the parasite fauna of Salminus brasiliensis, checked the disappearance of some parasite species, while some new nematode species were registered on this host after the Porto Primavera dam construction.
On the present study, where it was verified the absence of one cestode and of several nematode species after the dam construction, besides the great reduction on the prevalence of Spasskyellina spinulifera, the parasite fauna modification can be associated to the trophic web alteration of the Paraná River floodplain. As the host community composition influences the parasite community (Holmes 1979 (Holmes , 1983 Moore and Lasswell 1986) , and as the ichthyofauna has been altered after the impoundment of Porto Primavera (Gomes et al. 2012) , the absence of some host species was probably the cause of the disappearance of the nematode and cestodes species cited above.
The P. corruscans parasite fauna reduction due to the ichthyofauna richness alteration supports the hypothesis of Hudson et al. (2006) , which affirms that the ecological web complexity is directly proportional to the parasite community diversity.
Besides the intermediate host's absence, the parasite fauna reduction could also be associated to physical and chemical water alterations. The environmental conditions are of great importance to the parasites development phases, as the infective forms of many parasites may be susceptible to the hosts' external conditions (Schulte et al. 2011 ). That's the reason why the modifications of the Paraná River hydrological system may also be an important factor for the parasite richness reduction. Thompson (2005) affirms that the interactions between the host and the parasite are influenced by the ecological environment, and that's the reason why each geographic region presents their own specific ecological interactions. According to this author, the differences between the geographic regions may lead to species selection, what promotes an environmental contrast and the consequent population differentiation. This same selective process can explain the parasite fauna differentiation on the present study, but, instead of the spatial aspect, it would be considered the temporal influence on the physical, chemical and biological modifications that occurred on the high Paraná River floodplain.
More researches are needed to fully understand the modifications of the parasite fauna of P. corruscans through the years after the impoundment, but the new environmental conditions imposed to the ichthyo and parasite faunas downstream the Porto Primavera dam probably will promote new richness and diversity indexes, apart from making the establishment of new host-parasite relationships possible. The Acanthocephala species observed on the present study has not been observed on the parasite fauna of P. corruscans before the dam construction, exemplifying a new ecological relationship established probably due to the new environmental conditions provided by the river impoundment.
If geographical and/or ecological circumstances change, a parasite might easily switch to new host species simply because they are sources of the same specialized resources that were previously available only on another host. The environmental alterations provoked by the Paraná River impoundment makes the host switch easier, as the hosts are under conditions of close confinement and stress, what alter the trophic interactions and the geographic dispersion (Brooks and Ferrao 2005) . As a consequence of the host switch, the parasite species not observed on P. corruscans on the present study may be present on other hosts, what could be evaluated by the analyses of the parasite fauna of different hosts from the Paraná River. The parasite species not observed on P. corruscans may also be present on the environment as resistant forms, such as cists, keeping in latency the resurgence of these species, but the possibility of a local extinction was not eliminated.
Conclusion.
Through the results obtained, we conclude that, after the construction of the Porto Primavera dam, the helminth fauna of P. corruscans was modified. This study shows that changes in aquatic environments influence the diversity of parasites and also it emphasizes the need for studies to determine specifically what is causing these changes, including the influence of the overfishing and stock depreciation on the levels of parasitism.
